
US007425463B2 

(12) United States Patent (10) Patent N0.2 US 7,425,463 B2 
Kim et a]. (45) Date of Patent: Sep. 16, 2008 

(54) STACKED DIE PACKAGE FOR PERIPHERAL 5,674,785 A 10/1997 Akram et a1. 
AND CENTER DEVICE PAD LAYOUT 5,719,440 A 2/ 1998 Moden 
DEVICE RE36,613 E 3/2000 Ball 

6,051,886 A 4/2000 Fogal et a1. 

(75) Inventors: Dalson Ye Seng Kim, Singapore (SG); gandyt l 
Chong Chin Hui, Singapore (SG); Lee 6’337’226 B1 M2002 852;: ' 
Wfmg liais SmgaPOre (SG); Roslan Bin 6,388,313 B1 5/2002 Lee et a1. 
Salli, slngapore (36) 6,472,736 B1 10/2002 Yeh et 31. 

6,525,412 B2 2/2003 Noshita 
(73) Assignee: Micron Technology, Inc., Boise, ID 6,569,709 B2 5/2003 Derderian 

(US) 6,696,748 B1 2/2004 Thurgood 
6,744,137 B2 6/2004 Kinsman 

( * ) Notice: Subject to any disclaimer, the term of this 6,744,141 B2 6/2004 Kimura 
patent is extended or adjusted under 35 6,773,960 B2 55/2004 Fee et ?1~ 
U_S_C_ 154(1)) by 0 days 6,777,799 B2 8/2004 Kikuma et a1. 

6,914,267 B2 7/2005 Fukasawa et a1. 
. 2002/0053727 A1 5/2002 Kimura 

(21) Appl' NO" 11/450’485 2003/0038354 A1 2/2003 Derderian 

(22) Filed Jun 9 2006 2004/0164413 A1 8/2004 Hall et a1. 
. . , 

* cited by examiner 
(65) Prior Publication Data 

Primary ExamineriRoy K Potter 
Us 2006/0246622 A1 NOV‘ 2’ 2006 (74) Attorney, Agent, or FirmiTraskBritt 

Related US. Application Data (57) ABSTRACT 

62 D' " f l' t' N . 11/064107 ?l d F b. 
( ) 257155;)? onois%galiloon7 305 656 ’ ’ e on e An assembly method is disclosed that includes providing a 

’ ’ ' ' ’ ’ ' substrate, securing a ?rst semiconductor device on a ?rst 

(51) Int_ CL surface thereof, and superimposing at least a second semi 
H0 1L 21/00 (200601) conductor device at least partially over the ?rst semiconduc 

(52) U 5 Cl 438/106 438/109 tor device. An outer peripheral portion of the second semi 
(58) Fi'el'd 0% ’257/723 conductor device overhangs both the ?rst semiconductor 

257/777 106 121’ device and the substrate. Discrete conductive elements are 
See application ?le for Complete gearch hist’ory ’ placed betWeen the outer peripheral portion of the second 

' semiconductor device and a second surface of the substrate. 

(56) References Cited Intermediate portions of the discrete conductive elements 

U.S. PATENT DOCUMENTS 
pass outside of a side surface of the substrate. Assemblies and 
packaged semiconductor devices that are formed in accor 
dance With the method are also disclosed. 5,323,060 A 6/1994 Fogalet a1. 

5,397,921 A * 3/1995 KarneZos .................. .. 257/779 

5,420,460 A * 5/1995 Massingill ................ .. 257/693 36 Claims, 14 Drawing Sheets 

/326 
370 

w J 

135 330 ‘\80 /344 

342/ 332k _ J60 3 
302__ 10 ._(I) 0 0 QiL u u 0 com/8 \303 

ripen? E 
—-__I ) C’) O O O O 

308 ‘\ 304 320 301 9° 



US. Patent Sep. 16, 2008 Sheet 1 0f 14 US 7,425,463 B2 

125 

143 160 
142 “V 

r133 
145/1r 135 ’ {144 

142/ 132\ 134w m 80 __1M 

103— L ——-———J O O O U O 
160 110 m4 120 

K101 
FIG. 1A 

125 

r133 - 

145/ 135 r .1144 
134 

1424 ’32\ Th 13-0 _f8° —1o5 
102- I. #406 192 ~1oe 
10a- 4 4 

O O G O U 
160 110 90 104 120 



US. Patent Sep. 16, 2008 Sheet 2 0f 14 US 7,425,463 B2 

225 

245 / 

@sOQRQ 207" 90 

—244 

,.._/~270 
W210 

245” 

M203 







US. Patent Sep. 16, 2008 Sheet 5 0f 14 US 7,425,463 B2 

525 



US. Patent Sep. 16,2008 Sheet 6 0f 14 

625 

/ 

US 7,425,463 B2 

6L0 

638 H644 

@ f 22 J66, 
Q21 r’ 632 M20 

Q32 

@ \603 

—————————J O GO 0 O O OUY———J 
\601 604 

FIG.6A 

/626 
,_—__l |__. 

g) 

r K644 

g F638 P42 6,, 
Q 632 J 

a) r 32 P620 

Q ~sos 

_-__1 0 0 0 0 0 U OUT-— 

FIG. 68 







US. Patent Sep. 16, 2008 Sheet 9 0f 14 US 7,425,463 B2 

925 

FIG. 9A 

FIG. 9B 



US. Patent Sep. 16, 2008 Sheet 10 0f 14 US 7,425,463 B2 

1 025 

/ 
1040 

1038 85 L) @4044 
1 w 1042 r1060 

103 1921 1010 
= - \ 051039 

1032\ 1008) 1001/“: i 1030 1002 “1020 
i 1000 \1003 

i O O Q L___\_JJ Q Q Q :\ 
1004 

\‘IOOT 
FIG. 10A 

1026 

1040 

85 10082.,’\ W t, 

1033 f M F a 
1030 

i 

1032\ 109,31j 1007. _ , w‘ 

‘ ' 1000 

FIG. 10B 



US. Patent Sep. 16, 2008 Sheet 11 0114 US 7,425,463 B2 

1125 

1140 

661M139 »1144 
1131 
-— 1138 

1160 
Dunn ()lq() ()Q(9\f/—~1133 r 
"07"”? l 1130 1132 ~1120 

1 l '— \J/3O2 
i I 1100 \1103 

——'—l 000 W 000 

\1101 1104 
FIG. 1 1A 

1126 

1144 

1170 

1120 

1103 

\1101 1104 



US. Patent Sep. 16, 2008 Sheet 12 0f 14 US 7,425,463 B2 

1225 

121g 

1235M 13:39 

‘ 1.329 

O O O O O O 
1210 1203 1232 \1201 

FIG. 12A 

1240 

12354--P' M1236 

1260 

,1 i 
1210 1232 1203 



US. Patent Sep. 16, 2008 Sheet 13 0f 14 US 7,425,463 B2 

‘fao 

FIG. 13 

DDDCIDDDDDDDDDDDCI 

DDDDDDDDDUDDUL'IDDU 
& ADD 

DDDODDDDDDDD DDDUDDUUUDDUDDO 

FIG. 14 



US. Patent Sep. 16, 2008 Sheet 14 0f 14 US 7,425,463 B2 

1500 

1510 2520 
INPUT OUTPUT 
DEVICE DEVICE 

f 1530 
PROCESSOR 

DEVICE" 

1540 

CIRCUIT Mr--125, 125, 225, 226, 
BOARD 325, 325, 425, 426, 

525, 525, 525, 626, 
725, 725, 525, 826, 

925,926, 1025, 1026, 
1125, 1126, 1225, 1226 

FIG. 15 



US 7,425,463 B2 
1 

STACKED DIE PACKAGE FOR PERIPHERAL 
AND CENTER DEVICE PAD LAYOUT 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of application Ser. No. 
11/064,107, ?led Feb. 22, 2005, noW U.S. Pat. No. 7,205,656, 
issued Apr. 17, 2007. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the packaging of electronic 

components such as integrated circuits or other electronic 
devices. In particular, this invention relates to a stacked semi 
conductor device package Wherein a substrate of the stacked 
semiconductor package is smaller than at least one semicon 
ductor device of the stacked semiconductor package. 

2. State of the Art 
In order to conserve the amount of surface area, or “real 

estate,” consumed on a carrier substrate, such as a circuit 
board, by semiconductor devices connected thereto, various 
types of increased density packages have been developed. 
Among these various types of packages is the so-called 
“multi-chip module” (MCM). Some types of multi-chip mod 
ules include assemblies of semiconductor devices that are 
stacked one on top of another. The amount of surface area on 
a carrier substrate that may be saved by stacking semiconduc 
tor devices is readily apparent; a stack of semiconductor 
devices consumes roughly the same amount of real estate on 
a carrier substrate as a single, horiZontally oriented semicon 
ductor device or semiconductor device package. 
Due to the disparity in processes that are used to form 

different types of semiconductor devices (e.g., the number 
and order of various process steps), the incorporation of dif 
ferent types of functionality into a single semiconductor 
device has proven very dif?cult to actually reduce to practice. 
Even in cases Where semiconductor devices that carry out 
multiple functions can be fabricated, multi-chip modules that 
include semiconductor devices With differing functions (e.g., 
memory, processing capabilities, etc.) are often much more 
desirable since the separate semiconductor devices may be 
fabricated independently and later assembled With one 
another much more quickly and cost-effectively (e. g., loWer 
production costs due to higher volumes and loWer failure 
rates). 

Multi-chip modules may also contain a number of semi 
conductor devices that perform the same function, effectively 
combining the functionality of all of the semiconductor 
devices thereof into a single package. 
An example of a conventional, stacked multi-chip module 

includes a carrier substrate, a ?rst, larger semiconductor 
device secured to the even larger carrier substrate, and a 
second, smaller semiconductor device positioned over and 
secured to the ?rst semiconductor device. The second, 
smaller semiconductor device does not overlie bond pads of 
the ?rst semiconductor device and, thus, the second semicon 
ductor device does not cover bond Wires that electrically 
connect bond pads of the ?rst semiconductor device to cor 
responding contacts or terminals of the carrier substrate. 
Thus, the carrier substrate must be even larger than the ?rst, 
larger semiconductor device for electrical connection thereto. 
Such a multi-chip module is disclosed and illustrated in Us. 
Pat. No. 6,212,767, issued to Tandy on Apr. 10, 2001 (here 
inafter “the ’767 Patent”). Notably, since siZes of the semi 
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2 
conductor devices of such a multi-chip module must continue 
to decrease as they are positioned increasingly higher on the 
stack, the obtainable heights of such multi-chip modules 
become severely limited. 

Another example of a conventional multi-chip module is 
described in Us. Pat. No. 5,323,060, issued to Fogal et al. on 
Jun. 21, 1994 (hereinafter “the ’060 Patent”). The multi-chip 
module of the ’060 Patent includes a carrier substrate With 
semiconductor devices disposed thereon in a Chip-On-Board 
(“COB”) stacked arrangement. The individual semiconduc 
tor devices of each multi-chip module may be the same siZe or 
different siZes, With upper semiconductor devices being 
either smaller or larger than underlying semiconductor 
devices. Adjacent semiconductor devices of each of the multi 
chip modules disclosed in the ’060 Patent are secured to one 
another With an adhesive layer. The thickness of each adhe 
sive layer Well exceeds the loop heights of Wire bonds pro 
truding from a semiconductor device upon Which that adhe 
sive layer is to be positioned. Accordingly, the presence of 
each adhesive layer prevents the back side of an overlying, 
upper semiconductor device from contacting bond Wires that 
protrude from an immediately underlying, loWer semicon 
ductor device of the multi-chip module. The carrier substrate 
is larger than the semiconductor devices, and the bond Wires 
are bonded to the carrier substrate on regions peripheral to the 
stacked semiconductor devices. It does not appear that the 
inventors named on the ’060 Patent Were concerned With the 
siZe of the carrier substrate or the length of the bond Wires. 
Thus, the multi-chip modules of the ’060 Patent may have an 
undesirably large footprint and undesirably long bond Wires 
due to the peripheral Wire bond connections. A multi-chip 
module having a large footprint may restrict the routing space 
for external circuitry, for example a printed circuit board. 
Long bond Wires result in more potential for interWire contact 
and shorting, and more inductance. 

Other suitable techniques used for bonding and electrically 
connecting a semiconductor device to a substrate are ?ip-chip 
attachment and Board-On-Chip (“BOC”) assembly. 

Flip-chip attachment generally consists of attaching an 
active surface of a semiconductor device to a substrate With a 
plurality of conductive bumps therebetWeen. Each conduc 
tive bump must align and correspond With respective bond 
pads on the substrate and the semiconductor device to provide 
electrical interconnection therebetWeen. The semiconductor 
device is bonded to the substrate by re?oWing the conductive 
bumps, after Which an under?ll material is typically disposed 
betWeen the semiconductor device and the substrate for envi 
ronmental protection and to enhance the attachment of the 
semiconductor device to the substrate. 

Turning to the BOC assembly, the semiconductor device 
may be attached to the surface of a substrate in a face doWn 
orientation (With its active surface and bond pads doWn With 
respect to the circuit board). In this orientation, the active 
surface of the device is adhesively attached to a portion of the 
substrate having one or more Wire bonding openings therein 
so that bond Wires can extend through the opening from bond 
pads on the substrate to bond pads on the active surface of the 
device. A bond Wire is then discretely attached to each bond 
pad on the semiconductor device and extends to a correspond 
ing bond pad on the substrate. The bond Wires are generally 
attached through one of three industry-standard Wire bonding 
techniques: ultrasonic bonding, using a combination of pres 
sure and ultrasonic vibration bursts to form a metallurgical 
cold Weld; thermocompression bonding, using a combination 
of pres sure and elevated temperature to form a Weld; and 
thermosonic bonding, using a combination of pressure, 
elevated temperature, and ultrasonic vibration bursts. An 
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conductor device may include peripherally located bond pads 
that are Wire bonded to the substrate. At least another semi 
conductor device may be positioned betWeen the substrate 
and the at least one semiconductor device. Such a con?gura 
tion may provide a stacked device package With a smaller 
package siZe than a conventional stacked device package 
having a semiconductor device of a siZe similar to that of the 
at least one semiconductor device. The stacked device pack 
age of the present invention may include a substrate having a 
small surface area that does not restrict the routing space on 
external circuitry, for example a printed circuit board. The 
footprint of solder balls for electrically connecting the pack 
age to the external circuitry may conform to standard siZes 
and con?gurations, for example a Joint Electron Devices 
Engineering Council (J EDEC) standard. Additionally, the 
small footprint may enable a single routing layer design to be 
employed on the printed circuit board. 

The discrete conductive elements, such as bond Wires, used 
to electrically connect the semiconductor devices and sub 
strate of the stacked device package of the present invention 
may be shorter than the bond Wires required to connect a 
stacked device package having a COB con?guration. Shorter 
bond Wires may be preferable as exhibiting a smaller induc 
tance value compared to longer bond Wires. A stacked device 
package of the present invention may be manufactured and 
packagedusing existing equipment. The stacked device pack 
age of the present invention enables the length of traces on the 
semiconductor devices to be matched. There is a bene?t to 
matching trace length When double data rate (DDR) memory 
is used. In DDR the command and address signals are syn 
chroniZed With the clock; therefore, it is important to match 
the length of these traces to match signal propagation delays. 

In one exemplary embodiment of the present invention, 
FIG. 1A shoWs a cross-sectional vieW of an exemplary semi 
conductor device package 125 of the present invention. The 
semiconductor device package 125 includes a semiconductor 
device assembly 101. In said assembly 101, a ?rst semicon 
ductor device 130 is attached to the ?rst surface 102 of a 
substrate 100. The ?rst semiconductor device 130 includes an 
active surface 132 facing the ?rst surface 102 of the substrate 
100. As used herein, the term “semiconductor device” 
includes, for example, a semiconductor device of silicon, 
gallium arsenide, indium pho sphide or other semiconductive 
material con?gured as a processor, logic, memory or other 
function, Wherein integrated circuitry is fabricated on an 
active surface of the device While part of a Wafer or other bulk 
semiconductor substrate that is later “singulated” to form a 
plurality of individual semiconductor dice. 

The substrate 100 may be any type of substrate or inter 
poser. Any type of substrate, such as a circuit board, a semi 
conductor device, and the like, in assemblies and assembly 
methods incorporating teachings of the present invention are 
Within the scope of the present invention. The substrate 100 
may be formed from silicon, glass, ceramic, an organic mate 
rial (e.g., FR-4 or FR-5 resin laminate), metal (e.g., copper, 
aluminum, etc .), or any other suitable material. The ?rst semi 
conductor device 13 0 may include integrated circuitry therein 
and bond pads 134 (FIGS. 1A and 1B) located substantially 
centrally in one or more roWs on the active surface 132 
thereof. An exemplary embodiment of a semiconductor 
device 30 having bond pads 34 located substantially centrally 
in one roW is depicted in FIG. 13. 

Returning to FIG. 1A, the ?rst semiconductor device 130 
may be attached to the substrate 100 With any suitable die 
attach material 80, such as a quantity of an appropriate ther 
moset resin, a quantity of pressure sensitive adhesive, an 
adhesive-coated ?lm or tape, or any other suitable adhesive. 
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6 
The ?rst semiconductor device 130 may be aligned such that 
centrally located bond pads 134 are exposed through a central 
slot 106 ofthe substrate 100. 
A second semiconductor device 140 With its active surface 

142 facing the ?rst semiconductor device 130 is attached to a 
back side surface 133 of the ?rst semiconductor device 130. 
The second semiconductor device 140 may be attached using 
the same or another die attach material 80. The second semi 
conductor device 140 may include integrated circuitry therein 
and bond pads 144 located substantially peripherally in one or 
more roWs on the active surface 142 thereof. An exemplary 
embodiment of a semiconductor device 40 having bond pads 
44 located substantially peripherally is depicted in FIG. 14. 
Returning to FIG. 1A, an outer periphery 145 of the second 
semiconductor device 140 extends beyond an outer periphery 
135 of the ?rst semiconductor device 130. The second semi 
conductor device 140 may be aligned such that the peripher 
ally located bond pads 144 are exposed, overhanging both the 
?rst semiconductor device 130 and the substrate 100. 

For example, the second semiconductor device active sur 
face 142 may have a surface area larger than both the surface 
area of the ?rst semiconductor device back side surface 133 
and the surface area of the substrate ?rst surface 102. There 
fore, the outer periphery 145 of the second semiconductor 
device 140 is larger than both the outer periphery 135 of the 
?rst semiconductor device 130 and the outer periphery 105 of 
the substrate 100. A semiconductor device package 125 
including a second semiconductor device 140 having four 
sides 143 adjacent the active surface 142 Wherein one, tWo, 
three, or four of the four sides 143 overhang both the ?rst 
semiconductor device 130 and the substrate 100 is Within the 
scope of the present invention. 

Discrete conductive elements 110, depicted as bond Wires, 
are formed or placed by a suitable method, such as using a 
Wire bond capillary betWeen bond pads 134 of ?rst semicon 
ductor device 130 and corresponding contact areas of a sec 
ond surface 104 of the substrate 100. Discrete conductive 
elements 110 may comprise the illustrated bond Wires, tape 
automated bonding (TAB) elements comprising traces on a 
?exible dielectric ?lm, other thermocompression bonded 
leads, or other suitable types of conductive elements. Discrete 
conductive elements 120 extend from bond pads 144 of the 
second semiconductor device 140, past outside faces 103 of 
the substrate 100, to corresponding contact areas of a second 
surface 104 of substrate 100. The outside faces 103 of the 
substrate 100 comprise an outer periphery 105 of the sub 
strate 100, and portions of the discrete conductive elements 
120 extend beyond the outer periphery of the substrate 100 
toWard the second semiconductor device bond pads 144. 
Interconnect bumps 90 are operably coupled to the second 
surface 104 of the substrate 100, enabling electrical connec 
tion to external circuitry (not shoWn). 
Once bond pads 134, 144 of the semiconductor devices 

130, 140 are in communication With their corresponding con 
tact areas of the substrate 100, a protective encapsulant 160 
may be placed over all or part of the semiconductor device 
assembly 101, including the substrate 100, ?rst semiconduc 
tor device 130, and second semiconductor device 140. In 
particular, vulnerable components in the semiconductor 
device assembly, such as the discrete conductive elements 
110, 120 and exposed portions of the active surface 142 of the 
second semiconductor device 140 are preferably sealed With 
a protective encapsulant 160. FIG. 1A shoWs the semicon 
ductor device package 125 including full, over-molded 
encapsulation, With a protective encapsulant 160 over part of 
substrate 100, ?rst semiconductor device 130, and second 
semiconductor device 140. FIG. 1B shoWs a semiconductor 
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device package 126 having a protective encapsulant 170 over 
part of the semiconductor device assembly 101, including 
part of the substrate 100, ?rst semiconductor device 130, and 
part of second semiconductor device 140. The encapsulation 
is ?anged, and part of the back side of the second semicon 
ductor device 140 is exposed in the semiconductor device 
package 126 of FIG. 1B. 
By Way of example only, the protective encapsulant 160, 

170 may comprise a pot or transfer molded package, as shoWn 
in FIGS. 1A and 1B, a stereolithographically fabricated pack 
age, a glob top-type overcoat, or other suitable packaging. Of 
course, any suitable materials and processes may be used to 
form the protective encapsulant 1 60, 170. In the molded pack 
age example, protective encapsulant 160 may be formed from 
a transfer molding compound (e.g., a tWo-part silicon par 
ticle-?lled epoxy) using knoWn transfer molding processes, 
Which may employ thermoset resins or thermoplastic poly 
mers, or pot-molded using a thermosetting resin or an epoxy 
compound. In the stereolithography example, the protective 
encapsulant 160, 170 may comprise a plurality of at least 
partially superimposed, contiguous, mutually adhered mate 
rial layers. For example, each layer may be formed by selec 
tively curing (e.g., With a UV laser) regions of a layer of 
photocurable (e.g., UV curable) material, as knoWn in the 
stereolithography art. When the protective encapsulant 160, 
170 is a glob top, suitable glob top materials (e.g., epoxy, 
silicone, silicone-carbon resin, polyimide, polyurethane, etc.) 
may be dispensed, as knoWn in the art, to form protective 
encapsulant 160, 170. 

FIG. 2A depicts another embodiment of the present inven 
tion. A semiconductor device assembly 201 includes tWo 
stacked semiconductor devices. A ?rst semiconductor device 
230 is attached to a substrate 200 With its active surface 232 
facing aWay from the substrate 200. A spacer 85 separates the 
active surface 232 of the ?rst semiconductor device 230 from 
an active surface 242 of a second semiconductor device 240 
stacked thereon. The spacer 85 may comprise any suitable 
material, such as dielectric-coated silicon (Which may be cut 
from scrapped dice) or polyimide ?lm. The substrate 200, the 
?rst semiconductor device 230, the spacer 85, and the second 
semiconductor device 240 may be attached using a die attach 
material 80. The second semiconductor device active surface 
242 may have an outer periphery 245 larger than an outer 
periphery of the ?rst semiconductor device 230. The second 
semiconductor device 240 may be aligned such that bond 
pads 244, peripherally located thereon, are exposed, over 
hanging the spacer 85, the ?rst semiconductor device 230, 
and the substrate 200. 

Discrete conductive elements 210 extend from the active 
surface 232 of the ?rst semiconductor device 230 to a ?rst 
surface 202 of the substrate 200. As shoWn in FIGS. 2A and 
2B, through-hole vias 207 may conductively connect the ?rst 
surface 202 of the substrate 200 and a second surface 204 of 
the substrate 200. The through-hole vias 207 may be operably 
connected With interconnect bumps 90, enabling electrical 
connection to external circuitry (not shoWn). Discrete con 
ductive elements 220 extend from the peripherally located 
second semiconductor device bond pads 244, past outside 
faces 203 of the substrate 200, to corresponding contact areas 
of the second surface 204 of substrate 200. The contact areas 
may be operably connected With the interconnect bumps 90. 
A protective encapsulant 260 may be placed over substan 

tially all of the semiconductor device assembly 201, as shoWn 
in FIG. 2A, forming semiconductor package 225. Alterna 
tively, a protective encap sulant 270 may be placed over part of 
the semiconductor device assembly 201, as shoWn in FIG. 2B, 
forming semiconductor package 226. 
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8 
FIGS. 3A and 3B depict additional embodiments of the 

present invention. A semiconductor device assembly 301 
includes tWo stacked semiconductor devices. A ?rst semicon 
ductor device 330 is attached to a substrate 300 in a ?ip-chip 
con?guration, With conductive bumps 60 disposed therebe 
tWeen. The ?rst semiconductor device 330 includes an active 
surface 332 facing a ?rst surface 302 of the substrate 300. The 
conductive bumps 60 are preferably shaped as balls, but may 
be shaped as pillars, columns, and/or studs. The conductive 
bumps 60 may be formed of any knoWn conductive material 
or alloy thereof, such as solder, lead, tin, copper, silver and/or 
gold, as Well as of conductive polymers and/or conductive 
composites. The conductive bumps 60 may include a core 
having layers thereon utiliZing such materials and/or alloys 
thereof. As such, the conductive bumps 60 act as electrical 
interconnections betWeen the ?rst semiconductor device 330 
and the substrate 300. In addition, the previously set forth 
interconnect bumps 90 may have the same physical and elec 
trical characteristics as the conductive bumps 60. The con 
ductive bumps 60 may be operably coupled to interconnect 
bumps 90 through vias 307, and, if desired or required, a 
redistribution layer (RDL) extending over a surface of the 
substrate 300 or redistribution traces extending thereWithin. 
The RDL comprises a plurality of conductive traces 308 
extending from contact locations on a surface to redistribute 
the contact locations to another layout. 
A dielectric ?ller material 83 may ?ll the gap betWeen the 

substrate 300 and the ?rst semiconductor device 330. The 
?ller material 83 may be applied by employing methods of 
injecting, dispensing or ?oWing a ?ller material 83, or by any 
other suitable method. For example, such methods may 
include applying the ?ller material 83 in the gap between the 
?rst semiconductor device 330 and the substrate 300 and 
alloWing the ?ller material 83 to ?ll the gap by capillary action 
and/or pressure How. Although the ?ller material 83 is not 
required, it is preferred so as to protect the conductive bumps 
60 from the environment. 
A second semiconductor device 340 With its active surface 

342 facing the ?rst semiconductor device 330, is attached to 
a back side surface 333 (not shoWn) of the ?rst semiconductor 
device 330 using a die attach material 80. The second semi 
conductor device 340 may be aligned such that bond pads 
344, peripherally located thereon, are exposed, overhanging 
the ?rst semiconductor device 330, and the substrate 300. 
Discrete conductive elements 320 extend from the peripher 
ally located second semiconductor device bond pads 344, 
past outside faces 303 of the substrate 300, to corresponding 
contact areas of a second surface 304 of substrate 300. The 
second surface 304 of the substrate 300 opposes the ?rst 
surface 302 of the substrate 300. 
Once the semiconductor devices of such an assembly have 

been assembled With one another and electrically connected 
With the substrate or With one another, the assembly may be 
packaged by encapsulation as knoWn in the art using, for 
example, transfer molding, injection molding, pot molding or 
stereolithographic techniques. A protective encapsulant 360 
may be placed over substantially all of the semiconductor 
device assembly 301, as shoWn in FIG. 3A, forming semi 
conductor package 325. Alternatively, a protective encapsu 
lant 370 may be placed over part of the semiconductor device 
assembly 301, as shoWn in FIG. 3B, forming semiconductor 
package 326. 

FIGS. 4A and 4B depict additional embodiments of the 
present invention. A semiconductor device assembly 401 
includes three stacked semiconductor devices. A ?rst semi 
conductor device 430 is attached to a substrate 400 With its 
active surface 432 facing aWay from the substrate 400 in a 
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COB con?guration. A ?rst spacer 85 separates the active 
surface 432 of the ?rst semiconductor device 430 from a back 
side surface 439 of a second, central semiconductor device 
431 stacked thereon in a COB con?guration. The separation 
enables discrete conductive elements 410 to extend from the 
active surface 432 of the ?rst semiconductor device 430 to a 
?rst surface 402 of the substrate 400. A second spacer 86 
separates an active surface 438 of the second semiconductor 
device 431 from an active surface 442 of a third semiconduc 
tor device 440 stacked thereon. The third semiconductor 
device 440 may be aligned such that bond pads 444, periph 
erally located thereon, are exposed, overhanging the ?rst 
semiconductor device 430, the second semiconductor device 
431, and the substrate 400. Discrete conductive elements 420 
extend from the peripherally located third semiconductor 
device bond pads 444, past outside faces 403 of the substrate 
400, to corresponding contact areas of a second surface 404 of 
substrate 400. The second surface 404 of the substrate 400 
opposes the ?rst surface 402 of the substrate 400. 
A protective encapsulant 460 may be placed over substan 

tially all of the semiconductor device assembly 401, as shoWn 
in FIG. 4A, forming semiconductor package 425. Alterna 
tively, a protective encapsulant 470 may be placed overpart of 
the semiconductor device assembly 401, as shoWn in FIG. 4B, 
forming semiconductor package 426. 

FIGS. 5A and 5B depict additional embodiments of the 
present invention. A semiconductor device assembly 501 
includes three stacked semiconductor devices. A ?rst semi 
conductor device 530 is attached to a ?rst surface 502 of a 
substrate 500 in a BOC con?guration. The ?rst semiconduc 
tor device 530 includes an active surface 532 facing the ?rst 
surface 502 of the substrate 500. A second semiconductor 
device 531 is attached to a back side surface 533 of the ?rst 
semiconductor device 530 in a COB con?guration. A back 
side surface 539 of the second semiconductor device 531 
faces the ?rst semiconductor device 530. A spacer 85 on an 
active surface 538 of the second semiconductor device 531 
separates an active surface 542 of a third semiconductor 
device 540 from the active surface 538 of the second semi 
conductor device 531. 

The third semiconductor device 540 may be aligned such 
that bond pads 544, peripherally located thereon, are exposed, 
overhanging the ?rst semiconductor device 530, the second 
semiconductor device 531, and the substrate 500. Discrete 
conductive elements 520 extend from the peripherally located 
third semiconductor device bond pads 544, past outside faces 
503 of the substrate 500, to corresponding contact areas of a 
second surface 504 of substrate 500. The second surface 504 
of the substrate 500 opposes the ?rst surface 502 of the 
substrate 500. 
A protective encapsulant 560 may be placed over substan 

tially all of the semiconductor device assembly 501, as shoWn 
in FIG. 5A, forming semiconductor package 525. Alterna 
tively, a protective encapsulant 570 may be placed overpart of 
the semiconductor device assembly 501, as shoWn in FIG. 5B, 
forming semiconductor package 526. 

FIGS. 6A and 6B depict additional embodiments of the 
present invention. A semiconductor device assembly 601 
includes three stacked semiconductor devices. A ?rst semi 
conductor device 630 is attached to a ?rst surface 602 of a 
substrate 600 With an active surface 632 of the ?rst semicon 
ductor device 630 facing aWay from the substrate 600. A 
second semiconductor device 631 is attached in a ?ip-chip 
con?guration to the active surface 632 of the ?rst semicon 
ductor device 630. An active surface 638 of the second semi 
conductor device 631 faces aWay from the ?rst semiconduc 
tor device 630. A spacer 85 is positioned on the active surface 
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638 of the second semiconductor device 631, separating an 
active surface 642 of a third semiconductor device 640 from 
the active surface 638 of the second semiconductor device 
631. 
The third semiconductor device 640 may be aligned such 

that bondpads 644, peripherally located thereon, are exposed, 
overhanging the ?rst semiconductor device 630, the second 
semiconductor device 631, and the substrate 600. Discrete 
conductive elements 620 extend from the peripherally located 
third semiconductor device bond pads 644, past outside faces 
603 of the substrate 600, to corresponding contact areas of a 
second surface 604 of substrate 600. The second surface 604 
of the substrate 600 opposes the ?rst surface 602 of the 
substrate 600. 
A protective encapsulant 660 may be placed over substan 

tially all of the semiconductor device assembly 601, as shoWn 
in FIG. 6A, forming semiconductor package 625. Altema 
tively, a protective encap sulant 670 may be placed over part of 
the semiconductor device assembly 601, as shoWn in FIG. 6B, 
forming semiconductor package 626. 

FIGS. 7A and 7B depict additional embodiments of the 
present invention. A semiconductor device assembly 701 
includes three stacked semiconductor devices. A ?rst semi 
conductor device 730 is attached to a ?rst surface 702 of a 
substrate 700 With an active surface 732 of the ?rst semicon 
ductor device 730 facing aWay from the substrate 700. A 
second semiconductor device 731 is attached to the active 
surface 732 of the ?rst semiconductor device 730 in a ?ip 
chip con?guration. An active surface 738 of the second semi 
conductor device 731 faces the ?rst semiconductor device 
730 With conductive bumps 60 disposed therebetWeen. A 
redistribution layer on the active surface 732 of the ?rst semi 
conductor device 730 may electrically connect the conductive 
bumps 60 With discrete conductive elements 710, operably 
coupling the second semiconductor device 731 and the sub 
strate 700. Additional discrete conductive elements 710 may 
operably couple the ?rst semiconductor device 730 and the 
substrate 700. 
A third semiconductor device 740 is positioned over a back 

side surface 739 of the second semiconductor device 731. The 
third semiconductor device 740 may be aligned such that 
bond pads 744, peripherally located thereon, are exposed, 
overhanging the ?rst semiconductor device 730, the second 
semiconductor device 731, and the substrate 700. Discrete 
conductive elements 720 extend from the peripherally located 
third semiconductor device bond pads 744, past outside faces 
703 of the substrate 700, to corresponding contact areas of a 
second surface 704 of substrate 700. The second surface 704 
of the substrate 700 opposes the ?rst surface 702 of the 
substrate 700. 
A protective encapsulant 760 may be placed over substan 

tially all of the semiconductor device assembly 701, as shoWn 
in FIG. 7A, forming semiconductor package 725. Altema 
tively, a protective encap sulant 770 may be placed over part of 
the semiconductor device assembly 701, as shoWn in FIG. 7B, 
forming semiconductor package 726. 

FIGS. 8A and 8B depict additional embodiments of the 
present invention. A semiconductor device assembly 801 
includes three stacked semiconductor devices. A ?rst semi 
conductor device 830 is attached to a ?rst surface 802 of a ?rst 
substrate 800 With an active surface 832 of the ?rst semicon 
ductor device 830 facing aWay from the ?rst substrate 800. A 
second substrate 809 is positioned over the ?rst semiconduc 
tor device 830 in a ?ip-chip con?guration With conductive 
bumps 60 disposed therebetWeen. The second substrate 809 
may comprise any suitable substrate, interposer, or conduc 
tive traces on a dielectric ?lm. Discrete conductive elements 










